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HEMODYNAMICS IN OBESITY: A BRIEF REVIEW

H. Denolin
Department of Cardilology, Saint-Plerre University Hospital,
Brussels, Belgium

Obesity 1s c¢lassically included as one of the thoracic dis- /1005%
orders which may result in alveclar hypoventllation and pulmenary

arterial hypertension (Bergofsky, 1967).

In reality, although obesity is frequent in occurrence, re-
lated hypoventilation is rare. "Simple" obesity should thus be
distinguished from obesity with hypovehtilation of the Pickwilck
type, but the data given in the literature are frequently contra-
dictory and do net always permit a distinction between these two
conditions. Furthermeore, Little research has been devoted to
pulmonary hemodynamles 1in cases of obesity not complicated by
alveolar hypoventllation. In order to understand the behavlior of
the pulmonary circulation in obesity without major alveoclar hypo-
ventilation, a few general hemodynamlc aspects of this clinical
condition should Par8itrbé reviewed (Alexander et al., 1962, 1963,
1964, 1970):

-- Systemic arterial hypertension occurs frequently, 1n at /1006
least 50% of all cases, but without eurrelation with the excess
welght;

~= The blood volume is increased, with a normal hematocrit
test;

~~ The cardiac output 1s increased in proportion to the increase
in weight;

¥Numbers in the margin indicate pagination in the foreign text.



-— The cardiac frequency 1s normal, implying a greater
systolie volume;

—-— The arterlal-venous difference is normal;
~= The left ventricular work is 1ncreased.

However, low values are found for oxygen consumption, blood
volume and cardiac output per kilogram of body welght, correspond-
ing to low metabolism and poor irrigation of fatty tissues. The
cerebral output is normal (Smith and Alexander, 1960), the renal
output is normal, and the splanchnic output is increased. No
direct measurements of the rate of blood flow in the adipose tils-
sue are available (Alexander, 1970).

During physical exertion, ¥eatilation and oxygen consumption
increase considerably, but the adaptation of the cardiac output
is normal: an average of 966 ml/min/100 ml 0, (Dempsey et al.,
19663 Turell et al., 19641,

The pulmonary arterial pressure may behave in three different
ways, as 1n cases of chronic bronchopneumopathy: high pressure
at rest and durilng exertion (25% of cases); high pressure during
exertion alone (50% of cases), or normal pressure at rest and
during exertion (25% of cases) (Alexander, 1959 and 1964).

The frequent occurrence of normal pulmonary pressure at rest
has been emphasized by various i1nvestigators. Unfortunately,
neither the limits of normality nor the individual values have
been given precisely in any of the literature. As early as 1959,
Alexander et al. stated that generally the systemle pressure 1is
also high in patients wilth pulmonary arterlal hypertension, al-
though there are some exceptions.



In cases 1n which 1t has been possible to measure caplllary
pressure, an increase in pulmonary arterial pressure at rest or
during exertion was always related to a significant increase in
venous pressure. Thus in the majority of cases, the major factor
in pulmonary hypertension would be an increase in the filling pres-
sure of the left ventricle (Alexander, 1970).

Although a certain degree of desaturation of the arterial
blood -- at least at rest -- is frequently observed in these cases,
in the Alexander series, which 1s the only significant one, there /1007
18 no correlation between pulmonary pressure on the one hand and
arterial oxygen pressure on the other. Moreover, in some cases
1t has been possible to show that the 1ntraesophageal pressure
decreases by a few centimeters of water durlng exertion. This
therefore confirms that, when present, pulmonary arterlal hyper-
tension first and foremost reflects a functional change in the
left ventricle.

The pulmonary output distribution seems to be normal in cases

of "simple" obesity. However, due to disturbances in the ventila-
tlon distribution, abnormalities in the ventilatlon-perfusion ragio
may occur which would certainly give rise to the moderate hypoxemla
which may be observed in these patients (Dempsey et al., 1966;
Holey et al., 1967),

The cardiac volume, estlimated on the basls of the transverse

diameter of the heart, ls lncreased 1n most cases, even 1n sub-
Jeets with normal systemic pressure (Alexander, 1970)}. The weight
of the heart upon autopsy is high, even 1n the absence of hyper-
tension or coronary or other lesions. 1In a series of 12 autopsied
cases, Amad et al. (196%) found hypertrophy of the left ventriciular
wall in nine cases and hypertrophy of both ventricles in only two
cases. This was a true muscular hypertrophy and nct one due to
fatty deposits. Moreover, in the subjects with cardiac insuf-



ficiency, the autopsies consilstently showed hypertrophy of both /lggg
ventricles and marked symptoms of pulmonary hyperemia. Thus

obesity not complicated by severe hypoventilation does not appear

to result in true cor pulmonale: right ventricular insufficiency,

when 1t is present and satisfactorily demonstrated (for example,

by an lnerease in venous pressure) is accompanied by changes in

the left ventricle and by pulmonary congestion (Alexander et al.,

1959 and 1962).

TABLE 1. OBESITY AND HYPOVENTILATION
Pulmonary arterial pressure in cases of obeslty with hypo-
ventilation. Influence of hyperventilation (V) or the adminis-
tration of oxygen (0,)

Investi Pacos Saop . Par Q
gator (mmHg) {mraHg) (1/min)
HACRNEY (1959) 50/30
84 cas b a
‘ 105/25
Bates (1971) 62 5 55/16 4,7
+V 40 92 30/16. 48
Guean (1961) 76 80/30
+ 02 99 24/8
Haporn (1938) 60 64 m ; 50
+V 41 81 m: 31
Fraser (1963) . : 52 . 68/36 o123
+0; 98 68/26
Key: a. 4 cases. b. To.

Although the rate of mortality of obese patients due to cardiovascular
problems is high (PLauchu et al., 1970), true chronic cor pulmonale
would thus be a cause of death only in exceptional cases. The
same would no longer be true of theudbesity complicated by severe
alveolar hypoventilation which may be observed in some cases. In
these cases, pulmonary arterial hypertension becomes frequent, re-
sulting this tlime from the excess load on the left ventricle,
polyeythemia, the increase in cardiac output, and especlally, the
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hypoventilation itself, acidosis, hypoxia and hypercapnia. The
role of these factors 1s well demonstrated by the improvement in
hypertension which may be observed under the influence of hyper-
ventilation or oxygenation. In these cases, pulmonary arterial
hypertension may be observed with normal "“ecapillary'" pressure
{Sieker et al., 1955). It should be emphasized, however, that
cases of non-reversible hypertension have been reported (Table 1).

In summary, pulmonary arterial hypertension 1s apparently
frequent in cases of obesity without significative alveolar hypo-
ventilation reflecting left ventricular insufficiency. Hypertrophy
of the right ventricle alone is rare, and chronlec cor pulmonale 1is
not a common complication in non-complicated obesity.
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